SUMMARY: The prevalence of antibodies against hantavirus in 413 rats (Rattus norvegicus) captured in eight regions of the Tokyo Bay area from 1983 to 1992 were examined by the indicrect fluorescent antibody test. Antibody-positive rats were found in
INTRODUCTION

Hemorrhagic
fever with renal syndrome (HFRS) viruses are globally distributed among various rodent species. The causative virus of Korean hemorrhagic fever (KHF), Hantaan virus 76-118, was isolated from striped field mice, Apodemus agrarius coreae (1) . Hantaan virus is classified as the prototype virus of genus Hantavirus of family Bunyaviridae (2,3) and hantavirus could be divided into four serotypes specific to on the species of rodent hosts, i. e., Apodemus, Rattus, Clethrionomys and Microtus (4) . In Korea and China, cases of HFRS associated with urban rats were also reported (5, 6) . In Japan, urban type of HFRS occurred in Osaka in 1960's (7, 8) . Since 1970, outbreaks of HFRS associated with laboratory rats were reported in medical institutions (9, 10) . In 1982, the causative agent was isolated from rat lung specimens associated with a laboratory-type HFRS outbreak in Sapporo Medical College (11) . In Japan, since 1985 no incidence of laboratory-type or urban-type HFRS has been reported. (15, 16) . Hantaviruses were isolated from rats captured in a reclaimed land near Tokyo Port (17, 18) and from a garbage dumping ground site of Kami-iso town in Hokkaido (19) . As viruses were isolated from rats captured in a reclaimed land near Tokyo Port, serosurvey of rats in Tokyo Port was needed to elucidate the prevalence and ecology of the virus in these areas. In the present study, serosurveillance was carried out in eight regions of Tokyo Bay area from 1983 to 1992 to clarify the ecology of rat-borne hantavirus. (20) . Serial twofold dilutions of sera were each mixed with 200 ffu virus. Each mixture containing 100 ffu of the virus was inoculated onto Vero E-6 cells. Titers were expressed as the reciprocal of the highest dilution which showed over 50% PAP focus reduction.
MATERIALS AND METHODS
Virus isolation: Virus isolation was done according to the method described elsewhere (11) . A 10% homogenate of a lung specimen was inoculated onto Vero E-6 cells and the cells were maintained in Dulbecco's MEM supplemented with 2% FCS. Cells were passaged three times at three weeks' intervals.
Virus antigens were detected by the IFA test with anti SR-11 rat serum. Lung homogenates were also inoculated intraperitoneally into suckling Wistar rats (SPF) within 24 hr after birth. The rats were killed in 3, 5 and 10 weeks after inoculation and antibodies were checked by the IFA test.
Age estimation: The age of the rat was estimated from the weight of the eyelens by the method described by Yabe (21) .
RESULTS
Antibody Prevalence
Four hundred and thirteen rat sera collected from eight regions of Tokyo
Bay from 1983 to 1992 were examined by the IFA method (Fig. 1 Table II . Antibody positive rats were found in six areas out of seven. Positive rates in response to the season of capture and age were analyzed (Table III) . One year was divided into four seasons, i.e., March to May, June to August, September to November and December to February.
Rats captured in each season were separated into two age groups, i.e., less than six months and six months or more of age. Positive rats were found through all seasons in 1984 and 1985 and total positive rates of rats less than six months and six months or older were 18.1% and 28.4%, respectively. (Table IV) . Three virus strains were isolated from lung specimens in Vero E-6 cells and were named TQR-23, TQR-48 and TQR-50. Four lung homogenates were inoculated to suckling rats. The rats were sacrificed 3, 5 and 10 weeks after inoculation and seroconversion was shown in animals inoculated with specimens Nos. 23 and 48 (Table IV) .
Antigenic Relations among Rat Strains and 76-118 Strain Antigenic relations of these three isolates to other rat strains and 76-118 strain were examined by the cross IFA test (Table V) and cross NT (Table VI) . TQR-23, TQR-48 and TQR-50 were indistinguishable from other rat strains by the NT, which could discriminate antigenically between rat strains and 76-118 strain. In the present study, prevalence of hantavirus among rats in Tokyo Port from 1983 to 1986 was shown and antibody-positive rats were found in six areas out of seven during this period. Antibody positive rats were found in any season in 1984 and 1985. Steady transmission in rat populations in these years was shown. Antibody prevalence among older rats was higher than among young ones. Further, antibody titers of younger rats were clearly lower than those of older rats. Some young rats may have had maternal antibody. According to the serosurvey conducted in the reclaimed land near Tokyo Port (Fig. 1 H) in December, 1982, antibody-positive rates were significantly higher in small rats (<50 g) than in large ones (18) . On the contrary, in the serosurvey conducted in the garbage dumping ground site of Kami-iso town in Hokkaido in 1983 and 1984, a significantly high proportion (64%) of positive rats was observed among adult ones (six months or older) than among young ones (9%) (19) . Further, Child et al. (22) reported that low antibody-prevalence rates and low titers were associated with juvenile or young adult rats and high prevalence rates and high geometric mean titers were associated with large, sexually mature animals. Our results showed also that antibody-positive rates were higher in old rats than in young ones. It seems that rats are susceptible to hantavirus through the life and opportunities of infection increase by aging.
A large number of rats were captured in No. 13 reclaimed land in 1984,1985 and 1986, but from the year 1987 the number of rats captured in the port drastically reduced. It might have been caused by environmental change of the reclaimed land by advancing of stage of reclamation. Antibody prevalence gradually declined from 1983 to 1986 and no positive case was found in 1987, 1989 or 1990 in this port. It seems that the incidence is related to the rat populations in that region.
On the contrary, positive rats were found in Kasai Seaside Park neighboring Tokyo Port in 1989 and 1990, but the incidence was low and the subsequent examination in October, 1990 was negative. So, further survey would be required. In Chiba Port, two positive sera with high IFA and NT titers were detected. The results of NT suggested that rat-type virus was infecting these rats, but among rats captured in December, 1990, no incidence was shown. It is unknown whether positive rats in Kasai Seaside Park and Chiba Port came from Tokyo Port or were newly introduced from abroad by the marine route. So continuous survey would also be required to clarify the distinct foci of enzootics in these regions.
Arikawa et al. (19) reported that the virus might not readily transmitted from one infected rat to another. Transmission of hantavirus among rats would be slow and spread of hantavirus would require a significant period of time. Thus far, virus transmission to cage mates of SR-11 strain has been reported by Morita et al (23) . Virus transmission was observed when virus was inoculated into suckling rats and not into 3 weeks' old rats. The result of this experiment does not seem to coincide with observations of antibody prevalence among wild rats, i.e., high prevalence in older rats. Further experiments on virus transmission to cage mates with TQR strains should be carried out.
While no human HFRS case has been reported in this area, it has not yet been clarified if the virus prevalent in these rats are pathogenic to humans. High virulence to suckling rats of SR-11 strain, isolated from rat lung specimen associated with the laboratory-type HFRS endemic and no virulence on K1-262 strain, isolated from rats captured in dumping ground in Kami-iso in Hokkaido were described (24) . So, it would be needed to examine the virulence to the same animal for characterization of virus strains isolated in Tokyo Port, i.e., TQR-23, TQR-48 and TQR-50. Incidence of antibody against HFRS virus among sanitation workers in the reclaimed land where HFRS related virus, TR-352 was isolated was 4.5% (33 out of 732) and that of people in Metropolitan Tokyo was 0.9% (five out of 530) (T. Komatsu, unpulished data) but no clinical HFRS case was identified despite the systematic health check of those people. Thereafter, no investigation on the reclaimed land has been conducted, so it is unknown what has become of rats since then. In Tokyo Port areas until 1992, no human HFRS case was reported.
In these areas, such direct contact to rats as biting seems quite few and contact chances to contaminated feces and urine also seems to be low. Through the observation for a decade in Tokyo Bay area, it was demonstrated that rats inhabiting this area retained hantavirus until 1990. It seems that hantavirus may be continuously prevalent in rats in this area. Continuous survey for hantavirus in Tokyo Bay area and other ports would be important in the public health stand point.
